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Abstract 
Mobile electronic devices with integrated GPS receivers are being used with increasing popularity for EE and ESD. The research 
project of Ludwigsburg University of Education intends to bring the discussion on the potentials and limitations of these new 
educational technologies to a more objective level. The objective is a systematic review of practical approaches to evaluate the 
quality and potentials of mobile learning from different perspectives: technical, methodological and content-driven dimensions. 
These dimensions are framed in a pedagogical-didactic context leading to opposite poles, such as educational offers, teaching-
learning paradigms and action control. The results reveal the status quo and unused potentials of mobile learning in EE/ESD. 
 2012 Published by Elsevier Ltd. 
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1. Introduction 
Today geocaching and other location-based games with mobile devices are popular among adolescents and 
young adults (cf. Matyas, 2009). In recent years, mobile devices have been used increasingly for leisure activities by 
these age groups. aching results from the combination of 
environmental experience and technology as well as the possibility of cooperative participation. In the field of EE 
and ESD several pilot projects and educational activities using different technical tools have been initiated and 
carried out. Mobile devices are successfully used for inquiry within local contexts and learners use them to construct 
location-based information (Corleis, 2010).  
Some authors doubt whether it is possible to profit from mobile learning (Forkel-Schubert, 2010) while others 
potentials and obstacles. Our research project intends to objectify this  frequently emotionally charged  dispute 
and to understand the potentials for and obstacles to these new educational technologies. An intensive analysis of 
recent research literature revealed an unsatisfactory situation: A common, evidence-based framework for the use and 
the evaluation of mobile learning in EE and ESD is still lacking. 
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2. Definition of terms 
Mobile electronic devices is used as a collective term for all mobile phones, laptops, personal digital assistants 
(PDAs), tablet PCs and data acquisition devices like GPS receivers.  
The global positioning system (GPS) is a worldwide satellite system, which is also used for different civilian 
purposes. Currently geocaching is in vogue, which is an electronic treasure hunt or paper chase with GPS. The 
c cans and have to be found by geographical coordinates. In any event, 
documented by a log file entry in the small plastic can itself or wit geocaching.com.  
Unfortunately, there is not just one definition of environmental education (EE) and education for sustainable 
development (ESD). Since the redefinition of EE to ESD at the United Nations Conference on Environment and 
Development in Rio de Janeiro 1992, the two educational concepts have developed in parallel with each other. Thus, 
different understandings have been implemented (cf. 4.2 in this article), which are essential for understanding 
concepts for mobile learning. Our educational concept of ESD is understood as a further development of EE. 
3. Research methodology 
3.1. Research questions and study design 
The study examines the following four research questions: 
(1) How can the different concepts for using mobile electronic devices be systematized? 
(2) Which are the concepts of using mobile electronic devices in EE and ESD and how frequent are they? 
(3) Do the different concepts have a potential to support the aims and purposes of projects? 
(4) Where are obstacles and potentials for improving educational activities in EE and ESD using mobile electronic 
devices? 
 
The different practical implementations of mobile electronic devices in EE and in ESD require a systematic 
categorization. A first step towards such a categorization is an examination of mobile learning from different 
perspectives: Does it place emphasis predominantly on technical, methodological and content-driven dimensions? 
Additionally, all these dimensions are framed by a pedagogical-didactic context, which in turn leads to opposite 
poles. Learning within technology-supported EE and ESD, for instance, can be suggested as a strongly regulated 
form of instruction or, as an opposite, as an unregulated, self-directed process within informal settings. Another 
opposite pole could b
activities (receiving versus constructing information actively). In view of these considerations, an instrument to 
assess the potentials of mobile electronic devices as well as suggestions for the implementation in EE and ESD was 
developed. After a short piloting phase, the survey was conducted using three different methods/steps: 
(1)  nna, 2000) investigated 
experts' assumptions about potentials for new developments and obstacles. The Delphi study also intended 
to clarify the assumed dimensions of use. 
(2)  A web-based questionnaire, which quantifies the different approaches in Germany and Austria.  
(3)  From the participants in this web-based survey, twelve pilot projects will be selected as case studies to 
describe and study their concepts of mobile learning in detail. 
3.2. The Delphi survey technique in detail 
The experts for the Delphi survey were chosen from various fields of work and interest, which are in line with the 
mobile learning dimensions: education, learning content, methodology, technology and economics. In the second 
Delphi round, the interviewees were asked for self-assessment of their field of work and interest. In this way, the 
assumed heterogeneity could be reviewed.  
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Secondly, the purpose of the Delphi study was to verify the assumed dimensions of use and to conduct an 
assessment of the relationship between EE and ESD. The stop criterion of repeating the Delphi survey was a clear 
latter was already met in the second Delphi round. An agreement on new developments or limits to mobile learning 
in EE/ESD was not regarded as a stop criterion because of the different professional backgrounds and interests of 
the interviewees.  
In total, 54 experts from the German speaking area were contacted to participate in the Delphi study. Seventeen 
of these completed the whole first Delphi round, and twelve participated in the second Delphi round (09-26-2011 to 
11-06-2011). The experts had two weeks each to answer the questions of the two Delphi rounds. The questionnaire 
for the first Delphi round included four questions: 
(1)  In your opinion, which different perspectives must be considered for an assessment of educational offers 
with mobile devices in EE/ESD? 
(2) Where do you see options and potentials for educational offers with mobile devices in EE/ESD? 
(3) Where do you assume problems and obstacles to educational offers with mobile devices in EE/ESD? 
(4) Studies have shown different perspectives on the relationship between EE and ESD. With which 
perspective do you agree? 
The answers from the first Delphi round were processed with the software MAXQDA for a review in the 
following second round. Here, the experts participating were asked for a rating on a Likert scale from one (strongly 
disagree or unimportant) to four (strongly agree or very important). The second Delphi round data was analyzed 
using the software SPSS. After controlling for a Gaussian distribution, the extreme values and mean values of each 
category (upper and lower 16 % of the assessment range) were calculated (cf. Bort  
4. Preliminary findings 
4.1. -assessments of fields of work and interest 
 
Figure 1: Self-  
fields of work: pedagogy/didactics, learning content, methodology, technology, economics) 
 
The experts had to make a self-assessment of their fields of work and interest. The results showed the group to be 
heterogeneous  as desired (fig. 1). The dimensions of technology and economics are rather under-represented 
compared to the dimensions of (1) pedagogy/didactics, (2) learning content, (3) methodology, (4) technology and (5) 
economics. This has to be considered for an interpretation of further research findings. 
4.2. The relationship between EE and ESD 
The experts were asked for their understanding of the relationship between EE and ESD. Therefore, they had to 
choose one out of four concepts according to Hesselink, van Kempen and Wals (2000). Most of the interviewees 
with 
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4.3. Dimensions of use  
In the first Delphi round, the experts were asked for all dimensions of use that are important to assess EE/ESD 
projects. Their answers were divided into 36 categories and summarized for a better overview. These categories 
were rated in the second round, and an agreement was made on seven most important dimensions of use (out of 36): 
(1) educational goals of the EE/ESD with mobile electronic devices (AM - Arithmetic Mean=3.83; SD=.39), 
(2) didactic concepts of mobile learning in EE/ESD (AM=3.75; SD - Standard Deviation=.62),  
(3) educational fields of application (AM=3.67; SD=.49),  
(4) cognitive achievement (AM=3.58; SD=.79),  
(5) motivation/interest of the participants (AM =3.58; SD=.52),  
(6)  (AM =3.50; SD=.67) and  
(7) methodological use of mobile electronic devices (AM=3.42; SD=.52). 
4.4. Potential for new developments of mobile learning in EE/ESD  
The experts agreed on five categories that have the highest potential for new developments: 
(1) participants can work out their own content (AM=3.67; SD=.49),  
(2) outdoor activities for the participants (AM=3.50; SD=.67),  
(3) geographical reference and location-based educational offers (AM=3.50; SD=.67),  
(4) site-specific learning (AM=3.33; SD=.89) and  
(5) a combination of mobile learning and classroom-based learning (AM=3.33; SD=.65). 
 
Six categories are seen to have lowest potential:  
(39) providers save human resources (AM=1.75; SD=.75),  
(38) the protection of natural resources (AM=2.08; SD=1.00),  
(37) independence of providers (AM=2.08; SD=.79),  
(36) health promotion of the participants (AM=2.17; SD=.94),  
(35) an increased variability in illustration and recording facilities (AM=2.25; SD=.75) and  
(34) more possibilities for representing natural diversity (AM=2.33; SD=.89). 
 
It is very interesting that the analysis revealed a negative correlation between the self-assessments in the practical 
.76). At the beginning of the study this 
association was assumed as a positive connection because of the new technical possibilities, which are connected to 
new developments in mobile learning in EE/ESD. 
4.5. Obstacles 
The questions about obstacles to the use of mobile electronic devices in EE/ESD showed an agreement on six 
important categories and eight unimportant categories.  
Important categories are: 
(1) high financial cost of the educational offers (AM=3.83; SD=.39),  
(2) financial resources for mobile devices (AM=3.67; SD=.49),  
(3) a dependency on technology (AM=3.33; SD=.99),  
(4) mobile devices are outdating fast (AM=3.25; SD=1.06),  
(5) a defective handling of nature (AM=3.17; SD=1.12) and  
(6) a partial loss of holistic experiences (AM=3.17; SD=1.19). 
 
The following categories show the most unimportant obstacles:  
(44) general skepticism regarding mobile devices (AM=2.00; SD=.95), 
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(43) political rejection (AM=2.25; SD=.97),  
(42) dependence on the weather (AM=2.33; SD=1.07),  
(41) limited number of users (AM=2.33; SD=1.16),  
(40) difficulties in project evaluation (AM=2.33; SD=.89),  
(39) dissimilar conditions for the participants (AM=2.33; SD=.89),  
(38) unfamiliarity with the use of the mobile devices (AM=2.33; SD=.99) and  
(37) difficulties in selecting appropriate devices (AM=2.33; SD=.99). 
 
The statistical analysis shows a positive correlation between the self-assessments in the field of economics and 
. .58), which 
confirms the initial assumptions. The statistical analysis could also point towards a positive relationship between the 
self-  
5. Conclusions 
 and ESD and also different 
specific expertise and working domain. Due to this desired heterogeneity and to the different perspectives of using 
mobile technology, different potentials and obstacles to the successful implementation of mobile learning in EE/ 
ESD can be derived. The survey extracted five potentials and six obstacles for planning educational activities with 
mobile devices in EE and ESD, which offer a valuable support to educators designing mobile learning scenarios. In 
addition, the experts agreed on seven dimensions of mobile device utility, which are important for the following 
quantitative and qualitative evaluation of practical implementations of mobile learning in EE/ESD. The study could 
reveal the status and unused potentials for mobile learning in EE/ESD. The target of the research project is to 
develop an educational guideline as a template to design and analyze mobile EE- and ESD-activities. 
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